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ABSTRACT
According to the discussion on Birkho’s theorem by Peebles (1993), a void with a negative per-
turbation δ may evolve as a separate homogeneous universe with a local expansion parameter HV =
H0(1 − δ/3). This \universe" will diverge from the mean, producing a void of ever lower density. As a
result, the contents of voids will \fall" outward at a velocity equal to the dierence between the local, and
the mean expansion parameters times the radius of the void. Observational constraints on the outfall
velocity can be placed as a result of the fortuitous event that void, and non-void H I absorbers have
distinct characteristics { both in their equivalent width distributions and their Doppler parameters {
which are optimally distinguished when the cloud environments are assessed by summing the tidal elds
of surrounding galaxies (Manning, 2002). These constraints dictate that the radial outfall velocity from
an average void of radius  15 h−175 Mpc must be less than  100 km s−1. The implications of this are
probed with a \negative" top-hat simulation using a 1-D Lagrangian code to determine the relationship
between the mass decit in voids and the local expansion parameter in a flat lambda cosmology. The
outfall velocity constraint shows that the void mass density must be greater than 75% of the mean
matter density. I argue that this implies Ωm > 0.86. This is only consistent with CMB ndings of a flat
universe if the \dark energy" is not \energy", but ordinary matter, dark and baryonic.
Subject headings: intergalactic medium | quasars:absorption lines { dark matter
1. INTRODUCTION
Voids are structures noted for their lack of galaxies, and
a lamentary structure is said to ll the interstices. The
low-redshift cloud population is known to cluster about
galaxies (?, e.g.,)]Tripp:98, Chen:01, but many clouds ap-
pear to be isolated. In attempting to sort clouds into
\void" and \non-void" sub-catalogs, it is helpful to weight
the eects of galaxies at a given location by their mass and
the distance. The scalar tidal eld is optimal for this pur-
pose, as it may easily be calculated from galaxy catalogs,
and has a physical basis as a constraint on the dynamic
stability of the cloud. In Manning (2002) (hereafter Paper
1), a dimensionless form of the tidal eld T is evaluated
at the locations of each of a catalog of low-redshift H I
absorbers (Penton et al., 2000), and used to character-
ize the clouds as members of a void, or non-void environ-
ment, according to whether that eld was greater or less
than some limiting tide Tlim. Equivalent width distribu-
tion functions (EWDF) are calculated for each sub-catalog
(see Eq. 44, Paper 1). These EWDFs are approximately
linear in log dN/dz, and logW , where N = n( NHI),
and W is the rest equivalent width (EW) in mA. One may
vary Tlim, calculate the EWDFs of each sub-catalog, and
derive the weighted linear ts thereof, based on the num-
ber of clouds contributing to the calculation of the EWDF
at a given EW. Distributions are tted to the equation,
log dN/dz = C + S log (W/63 mA). It was found that the
trends of tting parameters for void and non-void cata-
logs as a function of Tlim appear linear at large, or small
Tlim (see Fig. 1), but undergo a non-linear change within
a relatively small range of T . As it happens, there is a
corresponding change in the distributions of Doppler pa-
rameters at a similar range of T for clouds sorted by T
(see the dierential histogram, Fig. 8 in Paper 1). It
appears certain that two distinct populations have been
isolated, and that a transition zone lies within the range,
−1.3 < log T < −0.7.
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Fig. 1.— The trend in slopes (panel a) and intercepts (panel b)
of equivalent width distribution functions dened by catalogs with
tidal eld lower (top of each panel), or upper limits (bottom), re-
spectively, for the low-redshift cloud sample (see x6.2.1 Paper 1).
There is an apparent strong transition in the slopes in the range
−1.3 < log T < −0.7 (two dotted virtical lines), which is also seen
in the intercepts.
Apart from the interest in the detailed nature of these
clouds, and what they say about the nature of voids (paper
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in preparation), the very fact that they can be sepated says
something about the density of voids. For, by Birkho’s
theorem (Birkho, 1923), if voids have a low density, they
should behave like a low-density universe, and suer less
deceleration, and have larger local expansion parameters,
than the mean. With simulations I calculate the void ex-
pansion parameter as a function of the void matter density
relative to the average. If the smallness of the range of T
over which the transition of void to non-void clouds occurs
can be used to constrain the outfall velocity, then this can
be used to constrain the the void matter density. This is,
in short, my plan.
The cosmology assumed for this paper is a standard flat
lambda model (ΩΛ = 0.7) with h = 0.75. The total matter
density of voids is either referred to as ΩV = ρV /ρcrit, or
as f0 = ΩV /Ωm, where Ωm = 0.3 is assumed. As noted
in Paper 1, the large discovered line density of void clouds
appears to require that clouds are to a signicant degree
self-gravitating and discrete. I treat them as such herein.
2. CONSTRAINTS ON CLOUD OUTFALL VELOCITY
Tidal elds were calculated along the pathlength con-
taining the absorption systems (see x5 of Paper 1). Figure
2 shows the fractional pathlength with T  Tlim. As a
measure of the probability of a random spot in the uni-
verse having a tide less than Tlim, this is interpreted as
the fractional volume with T  Tlim. Figures 4 in Paper
1 show that tidal elds increase rapidly at void edges. By
raising the tidal eld upper limits, we are increasing the
volume of what we think of as voids. The bracketing ll-
ing factors which correspond to the above range of Tlim
are, 0.75  fV  0.91 (see Fig. 2), with a mean density
hfV i = 0.86, corresponding to T = 0.1.
Fig. 2.— The fraction of redshift space with T  Tlim plotted
against log Tlim. This fraction can be considered to be a fair approx-
imation of the volume lling factor for voids dened by T  Tlim.
Dotted lines refer to the region of transition similarly highlighted in
Fig. 1.
Now, consider an average, ducial void, which, at Tlim =
0.1, has a radius of 15 Mpc ( 11.25 h−1 Mpc) (?,
e.g.,)]Lindner:95. The range of uncertainty in the tran-
sition tide corresponds to radii of rV = 15 (fV /0.86)1/3 =
14.33, and 15.396 Mpc, for void lling factors fv = 0.75
and 0.91, respectively; an average variation of 530 kpc.
This uncertainty in the true ducial radius corresponds
to a line of sight (LOS) velocity error of H0 δr ’ 40
km s−1, and would roughly reproduce the same range of
uncertainty apparent in the transition zone. Admittedly,
many clouds will be moving along vectors at large angles
to the LOS, and so even with high outfall velocities, they
could have low LOS peculiar velocities. But if clouds are
randomly distributed in the void relative to our LOS, and
radially outfalling, an average of half of the clouds would
have to be moving at an angle less than 60 degrees from the
LOS, so that the observed LOS outfall velocity at the edge
would be greater than half of the radial outfall velocity for
half of these clouds. However, if clouds and mass are uni-
formly distributed in voids, then half of the clouds will be
at a radius r  0.794 rV , so that most clouds would have
an outfall velocity vout > 80% of the maximum. Therefore,
we expect that half of the clouds will have a peculiar outfall
velocity along the LOS > 0.4 times the radial outfall veloc-
ity at the void edge. Since the observed range of the LOS
positional error corresponds to a velocity error of  40
km s−1, this would seem to limit the true radial outfall ve-
locity at the void edge to be vout < 40/0.4 = 100 km s−1.
However, since we know that some of the error in the de-
termination of the transition is plausibly due to peculiar
velocities of non-void clouds in proximity to galaxies (see
x5.2, Paper 1), this is probably an over-estimation of the
upper limit on vout.
3. THE OUTFALL VELOCITY FROM VOIDS
Voids are thought to grow more rapidly than the scale
factor (?, e.g.,)]Bertschinger:85a, Piran:97. This can be
conceptually understood by comparing the evolution of the
expansion parameter for a flat (the overall universe), and
an open universe (the void). For the former,
H(z) = H0
√
Ωm(1 + z)3 + ΩΛ, (1)
and the latter, (Scott et al., 2000),
HV (z) = HV (0)
√
(f0 Ωm z + 1− ΩΛ)(1 + z)2 + ΩΛ, (2)
where HV reflects a Hubble constant in the void, and f0
is dened in x1. One might think that as z approaches
innity, their respective expansion parameters would ap-
proach the same value so that the ratio of their current
values would simply be,




Ωm(1 + z)3 + ΩΛ




so that a\peculiar" outfall velocity could be determined
by subtracting o the mean Hubble flow,
vout = (RH − 1)H0 rV , (4)
where rV is the radius of the void. The dashed line in Fig.
3 shows the functional form of Eq. 4 as a function of f0.
However, while the theorem says that the lower-density
void acts like a separate \universe", our reconing of it, in
terms of the correspondence between lookback time and
redshift, is not straightforward, for the lookback time to
a given redshift is a function of cosmology, and a flat uni-
verse is younger than an open universe with the same H0:
we cannot so easily derive our answer.
C. V. Manning 3
However, we may condently approach this subject by
simulating the void as a \negative" top-hat with pertur-
bation δ. A 1-dimensional Lagrangian hydro/gravity code
(Thoul & Weinberg, 1995) was acquired courtesy of one
of its authors, (A. A. T.), and adjusted for a flat,  cos-
mology (see x1). A more detailed description of the code
and some of its broader uses will be presented in Manning
(2002, in preparation). Linearized analysis of voids dictate
that the appropriate initial velocity perturbation should be
v = (1− δ/3)HV (z) r (Bertschinger, 1985; Peebles, 1993),
where HV is the local, void expansion parameter. Sim-
ulations of the dark matter component were performed
using this velocity perturbation, with a range of uniform
underdensities δ embedded in the otherwise flat universe,
beginning at z = 50. A δ = 0 case was run to normal-
ize H0. The expansion parameters at z = 0 were derived.
The outfall velocity was calculated by subtracting H0 from
HV , and multiplying the result by the 15 Mpc of our du-
cial void. Figure 3 shows the results, where vout is the
outfall velocity. For void densities f0 < 0.2, outfall veloc-
ities are vout > 370 km s−1. However, this analysis (x2)
nds that vout < 100 km s−1, and thus, f0 > 0.75. We
may apparently conclude that the Hubble flow in voids is
very close to the average Hubble flow, and that therefore
the dierence in density between voids and the mean is
minimal.
Fig. 3.— The peculiar outfall velocity as a function of void density
relative to the mean for a void of radius rV = 15 Mpc, and h = 0.75.
The dotted lines refer to characteristic values of f0 noted in the text.
The dashed line represents the outfall velocity as derived from Eqs.
3 and 4, which ignores the disparity between time-scales in flat and
open cosmologies.
4. IMPLICATIONS FOR ΩM
Using the mean lling factors fV = 0.86 for voids and
fF = 0.14 for laments, currently accepted values of Ωm
and f0 can be used to derive a reasonable estimate of the
average lament density ΩF . This, and our revised esti-
mate from ΩV , allows us to calculate a revised Ωm. Cur-
rent estimates of Ωm and f0 suggest 0.3 < Ωm < 0.4 and
0.1 < f0 < 0.26, respectively (?, e.g.,)]Cen:99,Wang:00.
The basic equation is,
Ωm = fV f0 Ωm + fF ΩF , (5)






where means of the ranges noted above are used; f0 = 0.18
and Ωm = 0.35. We take this to be the average density
of the laments. However, we have found that f0 > 0.75.
Inserting these values into Eq. 5, we nd,
Ωm =
fF ΩF
1− fV f0 > 0.86. (7)
A low outfall velocity from voids mandates a \high" Ωm.
5. DISCUSSION AND SUMMARY
If clouds are diuse, and the kinetic energy of out-
fall is transformed entirely into random motions, then
T = µmHv2out/3k, where k is the Boltzmann constant,
and µmh ’ 0.59mH is the mass of an average parti-
cle. A large velocity vout = 400 km s−1 would produce
a plasma of nearly 4 106 K, similar to that predicted by
Cen & Ostriker (1999) for laments, suggesting absorbers
should have Doppler parameters b > 250 km s−1. For
vout = 100 km s−1, diuse clouds are converted to a tem-
perature T = 2.4 105 K (b ’ 62 km s−1), similar to the
observed b-values of Lyα lines of non-void clouds (Paper
1). Interestingly, Far Ultraviolet Spectroscopic Explorer
observations (Shull et al., 2000) nd actual b−values may
be roughly half that of the observed Lyα line. This may
be explained if clouds are not diuse, but held by dark
matter halos, and hence centrally condensed. In this case,
only gas with a density of order that of the lament will
be stripped, leaving the central cloud to proceed relatively
unmolested (Murakami & Ikeuchi, 1994), minimizing the
thermal broadening of the cloud. Shear-induced vorticity
(Manning, 1999), will contribute to the Doppler broaden-
ing of the cloud, and ram pressure will heat it, so that
these absorbers should have greater Doppler parameters
than void clouds, as observed (Paper 1, x5.6). According
to the scenario in Manning (1999), the induced vorticity of
clouds which are falling into dissipated gaseous envelopes
of galaxies and groups of galaxies introduces an orderly
cycle of compression and cooling which results in elevated
central H I equivalent widths as clouds fall into potential
wells. This inverse correlation between cloud rest equiv-
alent widths and projected galactocentric radii has been
observed (Lanzetta et al., 1995; Tripp et al., 1998; Chen
et al., 1999; Chen et al., 2001).
The conclusion that voids have a high matter den-
sity depends heavily on the successful separation of void,
from non-void clouds. That the Doppler parameter dif-
ferential histograms and trends in EWDF tting param-
eters both implicated the same transition zone suggests
that this is a robust result. Outside the transition zone
−1.3 < log T < −0.7, the trends seen in Fig. 1 suggest
distinct environments with few interlopers. Within this
range, however, the trends change, consistent with pe-
culiar velocities of non-void clouds, or outfall from voids
vout < 100 km s−1 (consistent with HV < 1.09 H0). The
simulations have shown that for vout < 100 km s−1, the
ratio of the void density to the mean is f0 > 0.75, requir-
ing Ωm  1, apparently inconsistent with the currently
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popular flat  model universe. Analysists of the CMB tell
us that Ωm + ΩΛ ’ 1 and that if the cosmological con-
stant  > 0, this necessarily implies that Ωm < 1. This
depends on the \dark energy" not being regular matter.
If  >> 0, and Ωm  1 are both conrmed, then this
assumption will have to be dropped. It is unclear how one
might adjust the parameters of the void evolution simu-
lations to be consistent with these conditions, but clearly,
the results of this study are inconsistent with Ωm = 0.3. A
careful numerical modeling of void cloud absorbers as rem-
nants of sub-galactic perturbations (paper in preparation)
may shed light on this problem.
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